86. Prediction equations for NR from data on corn silage and cereal silage and for alfalfa hays were not statistically significant for the predictor variables used in this study. The best equation for predicting NR in sorghum silages, legume hays, temperate grass hays and bermudagrass hays contained both %CP and DE as predictor variables, and in sorghum-sudan hays only %CP and (%CP) 2 were used. These data indicate that DN and NR in steers on forage diets exhibit a curvilinear relationship to %CP, and that increased precision is obtained by adding DE in calculating predictive equations for most groups of forages.
Introduction
An overriding influence on the coefficient of digestibility of crude protein (CP) is the effect of metabolic fecal N. Many research workers have reported linear equations for predicting digestible protein (DP) from CP (N • 6.25; Holter and Reid, 1959; Stallcup and Davis, 1965; Knight and Harris, 1966; Anderson and Lamb, 1967; Preston, 1982) . Data from metabolism trials with steers fed 68 forages were summarized (Stallcup et al., 1975) . Significant correlations were found between total fecal N (FN) and dry matter (DM) intake (R = .93); between FN and total N intake (R = .90); and between FN and total fecal DM (R 1 Published with approval of the Director of the Arkansas Agric. Exp. Sta.
2 Dept. of Anim. Sci. Received November 10, 1986 . Accepted July 8, 1987 . However, at high and low levels of N intake (NI), there was a departure from a linear relationship between NI and FN. A summary of digestion and metabolism trials on 113 forages averaging 11.4% CP ranging from 4.1 to 25.4% revealed that the equation having the least error mean square for predicting digestibility % N (DN) was: DN(%) = 62.9848 --223.3996 e-alTv(%CP). The equation having the lowest mean square for predicting N retention (NR) as a percentage of N fed was NR(%) = 12.9410-387.0985 e-'43143 (%CP)
The objectives of this study were to determine 1) the relationships between apparent DN and CP and digestible energy (DE) in forages; 2) the relationships between NR as a percentage of forage N intake and CP and DE in forages and 3) the development of equations for predicting DN and NR in forages utilizing CP and DE content as predictor variables. Analysis of data to determine the value of digestible energy as a predictor of DN and NR are limited in scope.
Materials and Methods
Data on apparent DN and DE were obtained from feeding 153 forages in digestion and metabolism stalls. Some nutritive measurements of the forage groups included in this study are in table 1. Nitrogen retention data were obtained on 116 forages. The forages fed were 15 corn silages (Zea mays), 30 sorghum silages (Sorghum vulgare), 22 legume hays, 11 cereal silages, 13 hays made from sorghum-sudan hybrid plants (Sorghum vulgare), 41 bermudagrass hays (Cynadon dactylon) and 21 hays made from various temperate grasses. The legume hay group was composed of 14 lots of alfalfa hay (Medicago sativa) and 8 lots of soybean hay (Glycine max). The 14 alfalfa hays were subjected to summary analysis in the legume groups and analyzed a s a separate group in this study. The temperate grasses were made up of three lots of rescue hay (Festuca arundinacea), two lots of orchardgrass (Dactylis glomerata), 12 lots of plains bluestem hay (Bothriochloa ischaemum), one lot of prairie hay (Andropogon schparius), two lots of Brome hays (Bromus inermis Leyss and Bromus secalicus L.) and one lot of ryegrass (Lolium multiflorum). The cereal silages included one lot of wheat (Triticum aestivium), eight lots of oats (Arena sativa), and two lots of triticale, an interspecific cross between wheat (Triticum duruss) and rye (Secale cereals).
Silages were fed as they came from the silo. Most hays were chopped to lengths of 3.8 cm before feeding. Each forage was fed to a minimum of three Holstein steers (usually four or six) in metabolism stalls. Each forage was fed for a 14-d preliminary period and a 5-d period .when a total collection of both feces and urine was made. The mean body weight of the steers used was 225.4 kg (SD --15.9). The mean daily DM intake per steer was 4.5 + 1.7 kg.
Holstein steers selected for metabolism trials were of approximately the same age and size. In addition, steers were screened for uniformity of feed intake, digestibility and rate of passage by feeding all steers a standard forage diet similar to those to be fed and under the same experimental conditions as those utilized in the trials. The steers were confined in metabolism stalls in a temperature-controlled room at 21 C and 50% relative humidity, or, in trials in later years, steers were housed in a temperature-controlled barn during the cool months of October to May. Samples of forages and of orts were taken daily and composited by collection period for chemical analysis. A 5% aliquot of daily fecal output for each steer was frozen immediately for further chemical analysis. Urine was collected in plastic vessels containing either tolulene or containing sufficient 6 N HC1 to maintain a pH below 2.0. Urine was measured by volume, specific gravity was determined, and a daily aliquot sample was retained for analysis of N. Daily fecal samples were thawed and pooled to yield individual steer composites for chemical analysis. Fecal samples then were dried at 50 C in a forced-air oven. Dry matter and N determinations were made on feed and feces and N in urine according to AOAC (1975) procedures.
The procedures used in the digestion trials are essentially those outlined by Harris (1970) . bAlfalfa hays were included in legume hays and also analyzed separately.
The apparent digestion coefficient for N was calculated as follows: DN(%) = (N in forage consumed --N in feces) N in forage consumed x 100.
9 All values were calculated to dry matter basis. The amount of forage refused was collected and weighed each day and subtracted from that offered. The orts were analyzed for N and gross energy (GE), and the appropriate subtractions were made to calculate N and DE consumed by the steers. Gross energy was determined on dry forage and feces by means of a Parr adiabatic bomb calorimeter and accessories as outlined by Harris (1970) . Digestible energy was calculated as follows: DE (mg/kg forage dry matter) = (GE of forage per unit dry weight • dry weight of forage) -(GE of feces per unit dry weight x dry weight of feces).
Water was available to steers at all times. Mineral supplementation consisted of dicalcium phosphate and trace mineralized salt free choice. The composition of the trace mineral salt was as follows: 96% NaC1; .3% Zn, .24% Mn; .22% Fe; .025% Cu; .007% I and .007% Co. Vitamin A supplementation was made in amount to meet NRC (1976) recommendations. The trials were conducted over a period of 16 yr. Nitrogen retention as used in this study was calculated as follows: NR(%) = (N in forage -N in feces -N in urine)
• 100. N in forage
The pooled data for each forage group and for a combined study of all forage groups were analyzed in an effort to determine the most useful regression equations for predicting the apparent DN and for NR by steers utilizing the %CP and DE content of the forages as predictor variables. The statistical analyses used included least-squares analysis for linearity, a quadratic equation to test curvilinearity of data, an exponential equation, y = a + be -k(%cP), and a combination of curvilinear relationships and interactions among predictor variables. Separate equations were used for three levels of DE in forages. The DE levels were 1) <2.42 Mcal/kg, 2) 2.42 --2.87 Mcal/kg and 3) >2.87 Mcal/kg. These levels were arbitrarily chosen from actual data on DE on each forage as determined by a digestion trial. Level 2 represents the mean + 1 SD of the mean for all forages studied. Level 1 was composed of DE values less than the minimum for range 2 and level 3 was composed of forages whose DE values were greater than the maximum for level 2.
Results and Discussion

Digestibility of Nitrogen (DN).
The best predictive equations for digestibility of N for each forage type studied are in table 2. The best predictive equation for corn silage was equation 1, which included both %CP and DE. The R 2 value (.73) was highly significant. However, the standard error of the estimate (Sy.x) was 10.58, which is rather large. The linear relationship between DN and %CP in corn silage had an R 2 value of .56; Sy.x was 12.53. Thus, equation 1 was much more accurate than the linear relationship reported previously (Stallcup and Davis, 1965) . This group of corn silages was made up of many experimental hybrids, which may explain the heterogeneity of the sample as indicated by a standard error of DN of 4.7% (table 1) .
The best predictive equation for DN in sorghum silage was equation 2, which included both %CP and DE content of silage, the curvilinearity of these components and the interaction CP • DE. The R 2 value was .80 (P<.01) and Sy.x was 9.14. These equations indicate that both CP and DE are both involved in the determination of DN, and that DN has a curvilinear relationship as well as a significant interaction between these two variables. The equation expressing the linear relationship between DN and %CP had a R 2 value of .40 (P<.01) with Sy.x of 14.72. Thus, the use of equation 2 resulted in a predictive equation associated with greater accuracy.
The predictive equations exhibiting a greater degree of accuracy for DN in legume hays were equations 3 and 4. , which involves the linear relationship of DN to CP accounts for less of the total variance than equations 17, 18 and 19, as evidenced by a smaller R 2 value and larger Sy.x. These data indicate that on forage diets the digestibility of N is influenced by both CP and DE, and without energy or N supplementation a curvilinear relationship exists with lower DN at the lower and upper extremities of CP content of the forages studied, which varied from 4.1 to 27.2% (DM basis) with a mean of 12.3 and SE of .41%. Digestible energy determined by means of a Parr adiabatic calorimeter in analyzing forage and feces from steers in a metabolism stall is one of the most accurate determinations that can be made in a laboratory. Furthermore, it represents units of heat energy absorbed into the body of the animal and is not a mixture of digestible and indigestible substances as is the case of crude fiber, acid detergent fiber and neutral detergent fiber. The II  II  II  II  It  II  II  II  II  II  II (Stallcup et al., 1975 (Stallcup et al., , 1984 , and is at variance with other work where simple correlations were used to indicate significance of a predictor equation containing only CP as the predictor variable and did not involve comparisons with equations containing %CP, (%CP) 2 and DE (Holter and Reid, 1959; Stallcup and Davis, 1965; Knight and Harris, 1966; Anderson and Lamb, 1967; Preston, 1982) . Pearson correlation coefficients between variables were calculated for each forage group and for pooled data on all forages. DN was significantly correlated (P<.01) to forage CP(%), DE (Mcal/kg) and total digestible nutrients (%) in corn silage, sorghum silage, hays from temperate grasses, bermudagrass hays and in pooled data on all forages. NR was correlated with CP(%) only in sorghum silages (P<.05) and in pooled data on all forages (P<.01). NR was correlated with DE (Mcal/kg) in legume hay (P<.01), in hays from temperate grasses and in pooled data on all forages (P<.01). NR was significantly correlated with total digestible nutrients (%) in legume hays and hays made from temperate grasses. These data indicate that pooled data may or may not be indicative of the relationships between DN and NR in various forage groups. Balch (1967) has presented diagrams indicating a rectilinear response in N balance to increments of protein in diets in which energy is not limiting, a curvilinear response in diets in which energy is limiting. He also attributed the diminishing response per unit of protein to the use of protein as a source of energy. Winchester and Harvey (1966) reported three-dimensional diagrams of a similar type. Orskov and McDonald (1979) and Orskov (1982) reported that degradability over time of CP both in the rumen and in nylon bags was best described by an exponential equation.
The fact that DE was not as highly correlated to NR (R = .25) as DN to NR (R = .72) suggests that DE and DN are influenced by different chemical and physiological factors and perhaps by the site of digestion. No regression equations derived from data of this study reliably predicted DE from CP content of forage. Other data from this laboratory indicate that NR by steers may be increased when forage diets of high CP content are supplemented with DE in the form of cracked corn (Fischer et al., 1985) . Owens and Zinn (1982) have postulated that the influence of diet on rate of CP digestion in forages may be attributed to association of CP with fiber and to different rates of fiber digestion. Data obtained from this study indicate that DE and the curvilinearity of the relationships of CP to DN and NR are important predictor variables. These predictive equations represent the response in increments of protein in forage diets in which energy may be limiting at higher levels of CP intake. Thus, the regression equation obtained in this study should not be extrapolated to forage diets with extensive supplementation with grains and(or) other concentrate materials high in DE.
Nitrogen Retention. Nitrogen retention expressed as a percentage of total N consumed (NR) is indicative of the total usefulness of N in ~he diet in maintaining the body of the animal as measured in this study. These data do not explain the magnitude of the many facets of N metabolism occurring in the body tissue and in the gastrointestinal tract.
No significant prediction equations were found for predicting NR from data obtained on corn silage, cereal silages, or alfalfa hays. This may have been due to the small number of observations involved or to factors not included in this study. The most accurate prediction equations for NR by steers fed sorghum silages was equation number 21 of table 4. It involved the curvilinear relationship of NR to CP and to DE content of the hays as predictor variables. However, the standard error of the mean (Sy.x) was 20.62, which was very high. Eliminating DE as a variable and retaining the curvilinear It is interesting to note that the best predictive equations for legume hays, sorghum-sudan hays, hays made from temperate grass hays, plains bluestem hays and bermudagrass hays were all associated with higher R 2 and lower Sy.x values than any equation derived from pooled data. This indicated that, in case of these forage groups it would be more accurate to use predictive equations for each forage than one derived from pooled data. The equation NR(%) ----15.0270 + 1.9047(%CP) expressing the linear relationship of NR to CP in 116 forages had a R 2 of .23 and Sy.x of 16.90. This confirms earlier observations that NR has a curvilinear relationship to CP. The results of this study also indicate that in some forage groups no useful predictive equations were found involving CP and DE as predictor variables for NR. Also, it should be pointed out that the mix of forages present in any body of pooled data can influence the predictive equations derived from statistical analyses of the data.
